Purpose: To report a unique presentation of ciliochoroidal effusion syndrome with central serous-like chorioretinopathy and secondary angle closure following exogenous testosterone use. Observations: A 37 year-old man presented with a two week history of blurred vision, elevated intraocular pressure, and myopic shift in his right eye. Gonioscopy showed angle closure. After YAG iridotomy, ultrasound biomicroscopy (UBM) showed ciliochoroidal effusion and anterior rotation of the ciliary processes. Subsequent color fundus photography, enhanced depth imaging optical coherence tomography (EDI-OCT) and near-infrared reduced-illuminance autofluorescence imaging (NIR-RAFI) showed macular striae, choroidal folds, and increased choroidal thickness without presence of subretinal fluid (SRF) or pigment epithelial detachment (PED). Further questioning revealed the patient was using dermal testosterone gel for six months for treatment of hypogonadism. The patient stopped using the testosterone gel, and his visual acuity and intraocular pressure significantly improved six weeks later. Follow-up UBM showed significant improvement of the ciliochoroidal effusion, and repeat multimodal images demonstrated resolution of the macular striae and choroidal folds, and slightly improved choroidal thickness. Conclusions and importance: Our patient demonstrates a rare case of ciliochoroidal effusion, central serous-like chorioretinopathy, and secondary angle closure that dramatically improved with cessation of testosterone. We believe that this unique clinical constellation is the first to be reported associated with exogenous testosterone use.
Introduction
Several drug classes are known to induce angle closure glaucoma, including adrenergic agonists, anticholinergics, anticoagulants, antihistamines, cholinergics, selective serotonin reuptake inhibitors, sulfonamide derivatives, tetrahydrocannabinol, and tricyclic/tetracyclic antidepressants. 1 Sulfonamides are associated with inducing ciliochoroidal effusion syndrome via choroidal effusion and ciliary body edema. 1, 2 This may result in a secondary anterior displacement of the lens-iris diaphragm with acute angle closure, myopic shift, and macular striae.
1,2
Exogenous steroid use is known to cause or exacerbate open angle glaucoma through decreased uveoscleral outflow. 3 While elevated serum glucocorticoid levels are also known to be associated with central serous chorioretinopathy (CSCR), [4] [5] [6] [7] there is not evidence of an association between exogenous steroid use and ciliochoroidal effusion. 8 Here we describe a unique case of ciliochoroidal effusion, central serous-like chorioretinopathy, and secondary angle closure glaucoma associated with exogenous testosterone use, all of which significantly improved with drug cessation.
Case report
A 37 year-old male presented to the glaucoma clinic with a twoweek history of blurred vision in his right eye. He had no past ocular diagnoses or surgeries. He was not using any ocular medications or refractive correction. He reported no significant medical problems. At one week, the patient's right eye manifest refraction decreased to −2.00 sphere. His IOP was 22 mmHg. Gonioscopy showed no angle structures temporally and superiorly and bare trabecular meshwork nasally and inferiorly. UBM 360°radial scans showed slit-like and closed angles, 360°of ciliochoroidal effusion, and anterior rotation of the ciliary processes (Fig. 1A) . In the left eye, UBM showed slit-like to narrow angles, anterior rotation of the ciliary body, and anterior bowing of the peripheral iris with trace ciliochoroidal effusion (Fig. 1B) .
At 10 weeks, the patient was referred to retina clinic. His uncorrected visual acuity improved to 20/50 in the right eye. His IOP was 20 mmHg. Dilated fundus exam showed macular striae extending across the fovea in the right eye, and no such striae were noted in the left eye ( Fig. 2A) . The macular striae were most notable with NIR-RAFI (Fig. 2B) . EDI-OCT images of the macula showed significantly increased choroidal thickness in both eyes, right eye greater than the left, and choroidal folds in the right eye (Fig. 2C) . Fluorescein angiogram showed no evidence of any leakage, and fundus autofluorescence imaging showed trace irregularity right eye, and normal left eye (Fig. 2D ). There was no SRF or PED present. Thorough medical history revealed the patient was taking a topical testosterone gel, AndroGel™ (AbbVie Inc., North Chicago, Illinois), for the last 6 months for treatment of hypogonadism. The patient was advised to decrease the dosage of his testosterone, but the patient decided to stop taking it after this visit.
At 16 weeks (six weeks after cessation of testosterone), the patient's uncorrected visual acuity improved to 20/20 and IOP was 24 mmHg. Repeat UBM in both eyes showed continued anterior bowing of the peripheral iris with slit-like angles and anteriorly rotated ciliary processes, and nearly resolved ciliochoroidal effusion in the right eye (Fig. 1C) . Repeat color fundus photographs, NIR-RAFI, and OCT showed near complete resolution of macular striae and choroidal folds (Fig. 3A-C) . Final exam at 20 weeks was stable.
Discussion
Our patient demonstrates a rare case of bilateral ciliochoroidal effusion syndrome demonstrated by UBM after exogenous testosterone use. AndroGel™ is a hydroalcoholic gel containing testosterone and inactive components carbomer 980, ethanol 67%, isopropyl myristate, purified water, and sodium hydroxide. 9 Reviewing the AndroGel™ package insert does not reveal components previously associated with angle closure or ciliochoroidal effusion. 9 AndroGel™ can be prescribed for primary or secondary hypogonadism. 9 As we have no prior ophthalmologic exams or imaging prior to initial presentation, it is possible that the patient may have had preexisting narrow angles or plateau iris configuration despite his relatively emmetropic eyes. Mydriatic agents, such as sympathomimetics and anticholinergics, can lead to angle closure via pupillary dilation in eyes with originally narrow angles. However, these preexisting conditions do not explain why he developed bilateral ciliochoroidal effusions that dramatically improved after cessation of testosterone therapy.
Our patient's asymmetric exam findings are unexpected, but not uncommon. Bilateral pathology affecting the eyes can be asymmetrical. The findings of trace ciliochoroidal effusion and narrow angle in his left eye are supportive of an asymmetric systemic process. Without initiating topical therapy and cessation of testosterone use, we believe this eye would have been eventually involved as well.
After YAG iridotomy, our patient's manifest refraction and intraocular pressure did improve. Of note, the patient was also given intraocular pressure lowering therapy and atropine. We believe these agents, rather than YAG iridotomy, improved his ciliochoroidal effusion syndrome, as there was no component of pupillary block on UBM and significant ciliochoroidal effusion remained 10 weeks after YAG iridotomy. Furthermore, the patient's ciliochoroidal effusion and symptoms nearly resolved 6 weeks after cessation of exogenous testosterone.
Cannabis and sulfonamide derivatives have been reported to cause ciliochoroidal effusion syndrome. As with our patient, drug induced cilichoroidal effusion resulted in anterior displacement of the lens-iris diaphragm and anterior rotation of the ciliary body, causing angle closure. Thus, we believe this is the first reported case of testosterone associated angle closure glaucoma. 2, 10 Fortunately, our patient's myopic shift, intraocular pressure, macular striae, and choroidal folds drastically improved after cessation of testosterone. The exact mechanism by which elevated testosterone causes CSCR is not fully understood, but there is a generally accepted pathogenesis theory by J. Donald Gass. 11, 12 There is laboratory evidence of human retinal pigment epithelium (RPE) having androgen receptors and messenger RNA for 5α-reductase, which can convert testosterone to dihydrotestosterone, a more potent form of testosterone. 13, 14 Testosterone is a vasoactive hormone, which causes vasodilation and may increase the permeability of the choriocapillaris. [15] [16] [17] [18] Subsequent choroidal thickening may damage the RPE, resulting in subretinal fluid (SRF) and pigment epithelial detachment (PED). 11, 19, 20 While our patient does not have SRF or PED indicative of classical CSCR, this case may demonstrate a central serous-like chorioretinopathy. Our patient presented with choroidal folds and increased choroidal thickness, but without SRF and PED or leakage on fluorescence angiogram. These findings may support Gass' stepwise pathogenesis theory of CSCR. 11, 12 Specifically, CSCR secondary to testosterone occurs via its vasodilatory properties causing increased choroidal permeability and secondary RPE damage. [15] [16] [17] [18] Afterwards, SRF and PED may occur, which fortunately never developed in our patient.
As with other associations of drug induced ciliochoroidal effusion syndrome, exogenous testosterone should be stopped immediately. In patients without hyperopia, cycloplegic agents may reduce intraocular pressure via their ability to retract the ciliary processes and deepen the anterior chamber. Intraocular pressure lowering eye drops and peripheral iridoplasty may be effective. Although the exact mechanism of our patient's angle closure is unknown, we believe exogenous testosterone should be added to the possible causative agents of cilichoroidal effusion syndrome.
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